Infectious ribonucleic acids (IRNA) of Venezuelan equine encephalitis and Eastern equine encephalitis viruses were observed to form noninfectious complexes with a basic polyamino acid, poly-L-lysine. Original infectivity was recovered from the complexes by digestion of the polylysine with Pronase, and partial recovery was effected by treatment with sodium dodecyl sulfate. Infectivity could not be recovered from the complexes containing polylysine of 100,000 molecular weight by changes in ionic strength, pH, or by treatment with phenol, deoxycholate, or digitonin. Masking of infectivity by polylysine was demonstrated in vivo as well as by plaque assay in tissue culture. Poly-L-lysine preparations of high molecular weight (44,000 to 100,000) were more effective than low molecular weight (3,000) materials in masking infectivity of IRNA. When complexes, in which infectivity had been masked by low molecular weight polylysine, were suspended in 1 M NaCl, some infectivity was recovered. Complexes of polylysine-IRNA differed from control IRNA alone in (i) resistance to inactivation by ribonuclease, (ii) sedimentation patterns in sucrose gradient centrifugation, and (iii) stability of recoverable infectivity during different physical treatments.
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Proteins, especially histones, when coupled with nucleic acids have been shown to affect enzymatic processes, to stabilize the functional structure of double-stranded nucleic acids, and to protect the latter against thermal or radiational damage (4) . Nucleic acids or polynucleotides complexed with proteins have been observed to act as haptens in immunological processes (10) . Tsuboi and others (3, 6, 13) have described interaction between double-stranded nucleic acids and a synthetic basic polyamino acid, poly-Llysine, and the resulting changes in physical properties (e.g., melting temperature profiles, X-ray diffractions, and electrophoretic mobility).
In 1967 Norrell and Costlow (9) presented evidence that methylated bovine serum albumin formed, reversibly, noninfectious complexes with the infectious ribonucleic acids (IRNA) from Venezuelan equine encephalitis (VEE) virus. We found that poly-L-lysine of 100,000 molecular weight was more efficient than methylated bovine serum albumin in "masking" infectivity of IRNA from 'VEE or Eastern equine encephalitis (EEE) viruses. We have examined the nature of polylysine-IRNA and the effect of a number of factors, particularly in respect to the biological activity of IRNA in the presence of the polyamino acid.
MATERIALS AND METHODS
Viruses. EEE virus, CDC strain SC7, was propagated in monolayer primary cultures of chick embryo fibroblast (CEF) cells, and VEE virus strain described by Hardy (2) therefore, only partial recovery of the original infectivity was possible. Pronase treatment did not affect the infectivity of control IRNA alone, but some preparations of IRNA were not completely stable at 37 C.
Studies of the reversible infectivity loss of IRNA in the presence of polylysine (100,000 molecular weight) were performed with EEE IRNA in 3-and 4-day-old White Leghorn chicks and with VEE IRNA in 1-to 2-day-old Swiss albino mice. To verify specific deaths, virus was isolated from representative brain specimens and identified by plaque neutralization tests using specific hyperimmune sera. Data from a representative experiment in chicks are shown in Table 2 . Doses of IRNA in PFU were determined for the inocula before the addition of the polyamino acid; plaque assays for suspensions of polylysine-IRNA at all of the concentrations used were negative. Polylysine, at 2.5 times the concentration of the RNA, significantly reduced the infectivity of EEE IRNA in baby chicks. Similar results were observed in experiments with polylysine-VEE IRNA in suckling mice. When polylysine-IRNA preparations were treated with Pronase before inoculation, mortality was similar to that obtained with IRNA alone.
Effect of ribonuclease on polylysine-IRNA. Preparations of IRNA in the presence and absence of polylysine (100,000 molecular weight) were treated with ribonuclease (0.0025 unit/ml) for 5 min at 37 C, diluted, and then treated with Pronase (1 unit/ml) for 30 min at 37 C. Data shown in Table 3 from an experiment with VEE To overcome possible absorption of the complex to the tubes, enzyme treatment was performed directly in the tubes in which the samples had been stored. Data obtained with one of these preparations are shown in Table 6 . At -60 C there was no loss of infectivity in control samples of IRNA alone over a period of 12 weeks, but after the same period of time only one-third of the original infectivity could be recovered from the polylysine-IRNA. At 4 C, the control IRNA lost about one-third of its original infectivity by 2 (Table 7) indicated that much less infectivity was recovered by Pronase digestion of the heated complex than from the unheated complexed preparation. IRNA alone, on the other hand, was stable at 55 and 75 C and relatively stable at 100 C.
In related studies portions of the heated samples from the preceding experiment were added, without prior cooling, to a cold suspension of chick embryo tissue RNA to give a final ratio of polylysine: RNA of 1:2,500. If dissociation of polylysine and intact IRNA had occurred on heating, this excess of RNA should have eliminated the masking effect of polylysine on the IRNA. However, no infectivity was recovered from complexed samples that were heated and treated with excess RNA though, for uncomplexed IRNA treated in parallel, all of the original infectivity was recovered after treatment at 55 or 75 C, and significant infectivity remained after incubation at 100 C.
As it was necessary in some experiments to incubate or hold prepared complexes, the effect of time on the Pronase-recoverable infectivity was studied. Complexes were prepared with a preparation of EEE IRNA and polylysine of 100,000 molecular weight in a ratio of 1 :1. Infectivity was >99%' masked. Portions of Fig. 3 . These data, and those from the replicate experiments, indicated that IRNA in the presence of the higher proportion of polylysine was inactivated at a faster rate than that exposed in the presence of the lower proportion of polyamino acid. These differences between effect on IRNA alone and complexed IRNA were observed when temperature of the sample was not controlled during the 5-min exposure and also when the sample container was submerged in an ice-water bath during exposure. Sample temperature rose from 
DISCUSSION
The masking of infectivity and protection of IRNA against nuclease inactivation by high molecular weight poly-L-lysine suggest indirectly that complexes are formed between IRNA and the polyamino acid. Results of the sucrose gradient experiments indicate more directly that complexes are formed. The association of polylysine with IRNA was evidenced by different sedimentation patterns for IRNA alone and for polylysine-IRNA. For the latter, the increased infectivity of lower fractions after Pronase digestion was an additional indication of close assoiation between polylysine and the infectious entity. Mora (7, 8) found that blocking of biological activity by polyelectrolytes (i.e., inhibition of antiserum inactivation of T2 bacteriophage and inhibition of ribonuclease by polyglucose sulfate) were dependent on the electrostatic bonding of polyelectrolyte to enzyme or phage. Our data show that electrostatic bonding is an important factor in the effect of polylysine of 3,000 molecular weight on IRNA, as significant recovery of infectivity was observed when complexes formed with this low molecular weight polyamino acid were suspended in 1 M NaCl. The effects observed with high molecular weight polylysine and IRNA indicate that the bonding in these complexes is more difficult to dissociate since the masking of infectivity by low proportions of polylysine of 100,000 molecular weight was not reversed by treatments with 1 M NaCl, pH 4.6, or 7 M urea. Our observations parallel those of Mora in respect to the dependence on polyelectrolyte nature for effect on biological activity; low molecular weight polylysine was less effective than the high molecular weight material in masking infectivity, and L-lysine when present in 1,000 times the concentration of RNA had no effect.
It is apparent from sucrose gradient centrifugation of polylysine-IRNA that some complexes of IRNA with high molecular weight polylysine remain infectious, i.e., when IRNA alone and complexed IRNA were compared, more infectivity was recovered from rapidly sedimenting material in the case of the complex even without Pronase digestion of polylysine. In this experi-ment the polylysine-RNA ratio used was low, 1: 6, to limit the formation of insoluble complexes. It is possible that masking of infectivity occurs only when some required proportion of polylysine is contained in the complex or that the attached polylysine is capable of masking only when attached in some particular fashion to the IRNA. The structure proposed by Higuchi and Tsuboi (3) for double-stranded RNA and polylysine complexes is a triple helix in which distances between the coils of the RNA helix appear to be restricted by the polylysine. It is possible that high molecular weight polylysine, when complexed with the single-stranded IRNA of VEE or EEE viruses, may limit flexibility of secondary structure and thereby inhibit biological activity. 
